abstract: Insect parental care is extensive and varied, but its lifehistory implications have never been comparatively tested. Using original and literature data, we tested predictions about egg size, egg number (lifetime fecundity), and body size under different parental care modes across a phylogeny of 287 insect species. Life-history theory and both comparative and intraspecific evidence from ectotherms suggest parental care should select for bigger, fewer eggs, but that allometric scaling of egg size and lifetime fecundity may depend on whether care consists of provisioning (density-dependent offspring survival) or merely guarding (density-independent offspring survival). Against expectation, egg size was indistinguishable among parental care modes, covarying only with body size. This refutes most theory of egg size evolution under parental care. Lifetime fecundity scaled differently depending on parental investment-positively under no care and guarding, as in most ectotherms, but negatively under provisioning. Reproductive allocation in provisioning insects resembled that in mammals and birds, also groups with obligate provisioning. We propose that the metabolic demands of multiple offspring must scale with species body size more steeply than the parent's provisioning capacity, resulting in larger females laying fewer eggs. These patterns lay the groundwork for a more general understanding of parental care and life history.
Introduction
The extent of parental care in insects, perhaps the most diverse of any group, ranges from none at all to offspring provisioning and elaborate biparental division of labor (Eickwort 1981; Hinton 1981; Choe and Crespi 1997; Costa 2006 ). Yet empirical understanding of the correlates between insect life history and parental care is currently limited to descriptive reviews (Eickwort 1981; Hinton 1981; Tallamy and Wood 1986; Hunt and Nalepa 1994; Choe and Crespi 1997; Tallamy and Brown 1999; Tallamy 2003 ) with a few taxon-specific models (e.g., Manica and Johnstone 2004; Field 2005) . Because of the wealth of information on insect care (see Costa 2006) and life history (e.g., Cornell and Hawkins 1995) , insects are ideal for comparative studies. Here we investigate how allocation to egg size and number varies with parental care mode.
Most theories surrounding egg numbers pertain to clutch size (see Clutton-Brock 1991; Godfray et al. 1991a; Fox and Czesak 2000) , but reproductive diversity renders this parameter inadequate for insect studies. Many families (e.g., Hemiptera: Reduviidae) contain groups that lay discrete clutches or disperse eggs widely one by one, either continuously or during discrete reproductive periods. Others provision "clutches" of one egg (e.g., Coleoptera: Kheper) . This blurs the definition of "clutch," confounding efforts to divide reproductive effort discretely. Because fitness selection applies to entire life histories (Tuomi et al. 1983; Shine 1988 ), here we address lifetime fecundity. In what follows, we synthesize empirical data and available models of egg size, clutch size, and (where possible) lifetime fecundity to formulate predictions about reproductive allocation in insects with three modes of parental investment: noncaring, guarding (of eggs or young), and provisioning (pre-or postoviposition supplying of food).
A mother's investment is divided between offspring fitness and number. Larger eggs usually increase offspring fitness (Clutton-Brock 1991) unless environments impose contrary selection pressures (e.g., oxygen limitation; Nussbaum 1987) . Limited resources dictate that investment in offspring fitness and number must trade off, within clutches (Smith and Fretwell 1974) and across life histories (Williams 1966; Stearns 1992) . Hence, offspring size and lifetime fecundity should exhibit an inverse relationship. However, parental care, also an investment in offspring fitness, confounds investment in egg size, obscuring this trade-off (Smith and Fretwell 1974; Fox and Czesak 2000) . In a simple model assuming offspring survival is inde-pendent of clutch size, Winkler and Wallin (1987) suggested that irrespective of clutch size there should be an optimal "investment per offspring," including egg size and parental care. Given fixed resources, egg size should then vary inversely with parental care regardless of clutch size or lifetime fecundity. In ectotherms, though, extensive comparative evidence suggests the contrary: egg size increases with parental care (Salthe 1969; Shine 1978 Shine , 1989 Strathmann and Strathmann 1982; Nussbaum 1985 Nussbaum , 1987 Sargent et al. 1987; Kutschera and Wirtz 2001; Kolm and Ahnesjö 2005; Summers et al. 2006 ; but see Kolm et al. 2006a) . Several hypotheses attempt to explain this. If parental care reduces egg mortality below juvenile mortality, selection favors retention of offspring in the "safe harbor" of the egg (Sargent et al. 1987; Shine 1978) , selecting for larger eggs since they tend to develop for a longer time. Larger eggs could require more care, for example, oxygenation if aquatic (Nussbaum 1987) or if mortality is size specific (Nussbaum and Schultz 1989) . Finally, when Winkler and Wallin's assumption of density-independent survival is violated and siblings compete (e.g., for parental provisions), the reduction in parental fitness caused by competition can select for fewer, larger eggs to reduce such competition (Godfray et al. 1991b) .
Many of these hypotheses may apply to insects. In invertebrates, larger eggs often develop more slowly (Gillooly and Dodson 2000) , and parents provide "safe harbors" for eggs against enemies (e.g., Choe and Crespi 1997), potentially selecting for large eggs. Also, larger offspring can suffer higher predation (e.g., Berger et al. 1996) and so may require more care. Finally, offspring frequently compete for parental provisions (e.g., Bartlett 1987) . Consistent with these predictions, in some invertebrates, parental care is associated with larger eggs (e.g., Iwata and Sakagami 1966; Simpson 1995; Machado and Raimundo 2001) . Clutch size and lifetime fecundity are also reduced in invertebrates displaying parental care, both semelparous (Bristow 1983 (Bristow , 1984 Zink 2003) and iteroparous (Machado and Raimundo 2001; Stegmann and Linsenmair 2002; Buzatto et al. 2007; Outeda-Jorge et al. 2009 ; but see Simpson 1995; Agrawal et al. 2005 ). This suggests a common trade-off between parental care and both clutch size and lifetime fecundity. Hence, we predict that increasing investment in parental care leads to increases in mean egg size and decreases in mean lifetime fecundity.
One possible reason for the mismatch between empirical evidence and theory is that variation in resources can obscure variation in allocation (van Noordwijk and de Jong 1986) . To account for this, body size usually serves as a proxy for available resources. In ectotherms, body size is mostly positively correlated with clutch size, lifetime fecundity, and egg size (Salthe 1969; Peters 1983; Berrigan 1991; Blackburn 1991a; Honek 1993; Fox and Czesak 2000) . Here, theoretical models all address clutch size. Parker and Begon (1986) suggested that the manner in which optimal life histories scale with body size within species should differ depending on whether offspring survival is density dependent, that is, whether siblings compete. If survival is density dependent, clutch size should be optimized (constant) to minimize competition, while egg sizes should covary with female size. If density independent, egg size should be optimized, while clutch sizes should covary with female size.
With parental care, survival can be density dependent if parents provision offspring ("depreciable care"; CluttonBrock 1991) or density independent ("nondepreciable") if parents can guard many offspring as effectively as few (e.g., Kight and Kruse 1992) . Hendry et al. (2001) modeled effects of parental care with and without density-dependent offspring survival in salmon. Female salmon guard egg masses, and larger females are able to secure better environments (i.e., provide better care). This creates opposing selection pressures. Larger females are better carers, selecting for larger, fewer eggs (under "safe harbor" and related hypotheses; see above); at the same time, larger females produce more offspring, which selects for smaller eggs under the egg size/clutch size trade-off. Optimal egg size then depends on the balance of these two effects and thus on individual physiology and ecology. When offspring survival is also density dependent, describing the slopes of the egg size/body size and clutch size/body size relationships becomes complex (see also Hendry and Day 2003) .
Empirical evidence in insects and other ectotherms with guarding and provisioning only partially agrees with theory-allometric slopes of egg size, clutch size, and lifetime fecundity differ from those under no care (Salthe 1969) but are almost invariably all positive (Tyndale-Biscoe 1984; Wood and Dowell 1984; Molumby 1997; Scott 1997; Kudo 2001; Rawlinson et al. 2008; Simmons and Emlen 2008; Outeda-Jorge et al. 2009 ; but see Elkin and Reid 2005; Buzatto et al. 2007) . By contrast, in endothermic birds and mammals, with near-universal parental provisioning, larger females tend to have larger offspring but in smaller clutches (Tuomi 1980; Blackburn 1991b; Sikes and Ylonen 1998) . Correspondingly, unlike in ectotherms, lifetime fecundity scales negatively or not at all with body size (Georgiadis 1985; Allainé et al. 1987; Gordon 1989; Hendriks and Mulder 2008) . Our study allows us to compare for the first time the slopes of the relationships between egg size, body size, and lifetime fecundity among parental care modes. Existing theory and limited empirical evidence give us reason to expect that under increasing investment in parental care, egg size and lifetime fecundity scale positively with body size but that the slope may differ among parental care modes (density dependent vs. density in- dependent). Hence, we begin by fitting full interaction models to our data that allow the allometric slopes of each response variable to vary according to parental care mode (models and evidence summarized in table 1).
To assess these predictions, we matched literature data on parental care and life history to measurements of body size (dry weight) across multiple insect orders, built a combined phylogeny of 287 species, and used comparative phylogenetic models under an information-theoretic framework. Our analyses identify important differences between insects and groups addressed in previous studies, laying the groundwork for a more general understanding of parental care and life history.
Methods

Life-History Data Set
We assembled a database of sources on insect life histories, using the ISI Web of Knowledge (http://wok.mimas.ac.uk) and books and periodicals held in the Cambridge and Nottingham university libraries, their dependent zoology libraries, and the British Library, London. We recorded parental care strategy, lifetime fecundity, and egg size for species with available data; we located specimens for these species at Cambridge University and the British Museum of Natural History, London, and directly measured body size (see below for details). We excluded species that are eusocial or with helpers at the nest, where trade-offs incurred by female parents may be obscured by help from nonparental individuals.
Lifetime fecundity was recorded as the mean number of eggs that one female produces in her lifetime, preferably in the field but also from the laboratory under nonextreme conditions. Where we found multiple estimates, we used the study with the largest sample size and conducted closest to field conditions. Where no other figure was available, we also accepted statements such as "females of species X lay 500 eggs," where supported by an appropriate reference.
For egg size, we used egg volume calculated from egg length and diameter, the most commonly reported measures. For cases with only egg length data ( ), we n p 45 predicted egg diameter on the basis of species for which we had complete egg size data ( ). We used a phyn p 191 logenetic model of egg diameter based on egg length (data not shown), unless eggs were described as "spherical," in which case egg length and diameter are equal. We calculated egg volume as an ellipsoid (4/3 # p # length # diameter # diameter). For egg size or fecundity values reported as ranges, we used the midpoint.
We measured dry weight from museum specimens by weighing the pinned specimen and subtracting the estimated weight of the pin based on length, head type, and material (exact procedure described in Gilbert 2007) . Using these data, we estimated weights of further specimens (e.g., those mounted on cards rather than on pins; n p ) based on length and pronotum width. 60
Phylogeny
To assemble phylogenies, where available, we used current reviews of systematics for each group, mostly from the Tree of Life (http://tolweb.org/). Where no review was available, we preferred total evidence over molecular over morphological phylogenies. We also preferred maximum likelihood or Bayesian methods over parsimony (Yang 1996) . We excluded phylogenies based on reproductive characters, so errors in tree topology can be assumed to be random with respect to parental care, fecundity, and egg size (Goodwin et al. 1998) . Some species had not been formally placed on a phylogeny. We placed these groups at the base of the lowest assigned taxonomic level, creating a polytomy (multiple node), and accounted for the uncertainty this created in our analyses (below). Branch lengths were unknown and so were arbitrarily set to 1. The complete tree (287 tips) and references are given in the appendix, figure A1 , and table A1 in the online edition of the American Naturalist.
Comparative Methods
All analyses were conducted in R 2.10.0 (R Core Development Team 2008) . To evaluate our predictions while accounting for shared phylogenetic history, we fitted phylogenetic generalized least squares models (PGLS ; Grafen 1989; Martins and Hansen 1997) under an assumption of trait evolution by Brownian motion using the pglmEstLambda function in the CAICR package (http://r-forge.rproject.org/R/?group_idp140; see Freckleton 2009) and ape 2.3 (Paradis et al. 2004 ). The function pglmEstLambda fits a PGLS model while simultaneously coestimating Pagel's l (Pagel 1999; Freckleton et al. 2002) . Lambda is a measure of "phylogenetic inertia," or how closely the structure in the model residuals resembles the structure of the phylogeny. In this case the structure of the phylogeny was limited to hierarchical topology, with branch lengths arbitrarily set to 1. We fitted multiple PGLS models, summarized below, and then used an information-theoretic approach to select the most likely model, given the available data (Burnham and Anderson 2002) .
Fecundity and egg size data did not completely overlap, so to make maximum use of available data, we first fitted models to lifetime fecundity and egg size separately using all available data ("separate analysis") and, second, fitted models again for each variable while controlling for the other, using the union of the two data sets ("combined analysis"). We therefore conducted four analyses: (1) fecundity against body size ( ); (2) fecundity against n p 275 body size and egg size ( ); (3) egg size against body n p 59 size ( ); (4) egg size against body size and fecundity n p 81 ( ). Fecundity, egg size, and body size were log n p 59 transformed before analysis. For each analysis, we fitted models corresponding to the interaction, main effects, and null models outlined in table 1. A summarized list of predictor combinations and how they relate to our predictions is given in table 2. In total, therefore, we fitted five models to 275 data points for lifetime fecundity, five models to 81 data points for egg volume, and 11 models to 59 data points for each combined analysis. We ranked models based on Akaike's Information Criterion (AIC), a relative measure based on the information lost when each is used to describe an unknowable reality (Burnham and Anderson 2002) . We recast each AIC value as D i , the difference between the AIC of the current model and the minimum AIC in the set, and worked out AIC weights w i for the whole set of R models as
Because we had generated uncertainty in the phylogenetic topology by adding taxa with unknown affinities according to taxonomy, we assessed the effect of this uncertainty by fitting all models to 100 phylogenies created by randomly resolving all polytomies in the phylogeny. This left known relationships in the composite phylogeny untouched but randomly permuted nodes with three or more descendants. AIC values were compared internally within each data set. We present parameter values obtained from the original data set along with the range obtained across "resolved" data sets. In models of lifetime fecundity, analyses supported the interactive model (table 3) ; that is, the relationship between body size and lifetime fecundity was dependent on parental care. Under no care, larger females laid more eggs, but this increase was shallow; guarding insects did not differ from noncaring insects in this trend. Under provisioning, however, larger females declined in lifetime fecundity ( fig. 1a) . Phylogenetic inertia as estimated by Pagel's l was high for all models (0.76-0.81; table 3). Scarabaeid beetles had noticeably lower fecundity than other insects given their body size, which may have biased the generality of our conclusions. We performed this analysis again, excluding scarab beetles, with qualitatively unchanged results ( fig. 1b; table 4) . The Scarabaeidae are closely related compared to the phylogenetic scope of the whole data set, and their influence on the slope of the line is accordingly reduced by the phylogenetic model. Hence, the estimated intercept and slope can be seen to have not substantially changed on their removal.
Results
Lifetime
Our models of egg size (table 3) indicated that parental care was associated with neither differences in egg size nor the relationship between egg size and body size: the best model used only body size as a predictor. Contrary to predictions, insect species with parental care (whether guarding or provisioning) did not lay bigger eggs than similarly sized insect species without parental care. Instead, egg size covaried relatively tightly with body size (fig. 1c ). This covariance meant that associations of egg volume and body size with fecundity were statistically inseparable in the combined analysis (see below). Lambda values for phylogenetic models of egg size were low (!0.01-0.33), indicating a low degree of phylogenetic inertia.
Using the subset of data for which both egg volume and fecundity were known, we fitted combined models incorporating both variables. For lifetime fecundity, body size and egg size had very similar associations with fecundity for each parental care type (weakly positive or no relationship in noncarers and guarders; negative in provisioners; fig. 1d ). Models containing interactions between parental care and egg size, or parental care and body size as above, were approximately equally supported ( ; table 3). We conclude that, given the available DAIC ! 2 data, egg size and body size were statistically indistinguishable in their association with lifetime fecundity and parental care. Lambda was very low for the best-supported models (!0.01). For egg size, models containing fecundity were not supported (summed AIC weight 0.23), nor were models containing parental care (summed AIC weight 0.14). The best model was therefore identical in form to that for the separate analysis. Rerunning each analysis using permutations of uncertain nodes in the phylogeny resulted in no appreciable departure from the results described above (see parameter ranges given in table 4). 
Discussion
Across our sample of insect species, lifetime egg number, rather than egg size, was associated with evolutionary changes in parental care. Body size was the only important predictor of egg size. In fact, egg size and body size covaried so closely that in our sample they were statistically indistinguishable in their associations with parental care and lifetime fecundity. In species where parents provide no care or simply guard eggs, species with larger bodies produced more and larger eggs. In species that provision offspring, species with larger bodies also produced larger eggs but laid fewer eggs. In this respect, the life histories of provisioning insects resembled those of birds or mammals rather than those of related species that invested less in parental care.
We cannot hope to capture the full diversity of insect life histories or parental care strategies in a single study. Only a small proportion of existing species have been described, and data are available for only a small proportion of those described species. Missing data are a recognized source of bias in phylogenetic analyses as for other analyses, since "missingness" may be nonrandom with respect Note: BS p body size, ES p egg size, LF p lifetime fecundity, PC p parental care, n p sample size, K p number of parameters in model (including l), D i p AIC difference between model and best model in set, w i p Akaike weight (see text for definition), and l p Pagel's l.
to one or more variables in the analysis (Nakagawa and Freckleton 2008; Freckleton 2009 ). For this reason, our findings are to be treated with caution appropriate to the sparse degree of taxonomic coverage in the sample. However, the fact that our results were consistent, across analyses using different subsets of taxa and across different resolutions of uncertain tree topologies, suggests that the patterns described in this article are likely to be representative on broader taxonomic scale.
Parental Care and Egg Size
We found no evidence of increased egg sizes in insects with parental care, in contrast to most predictions and findings from other ectotherms. Mean egg size for species in our analysis instead scaled isometrically with dry body weight (i.e., with a scaling parameter not different from 1; see table 4) regardless of lifetime fecundity or the extent of parental care. Further, phylogenetic structure in egg size after accounting for body size was weak, suggesting that body size and egg size showed similar phylogenetic structure and that, after accounting for body size, shared ecology and physiology among related species contributed little to variation in egg size. We should be cautious of taking the scaling exponent too literally, since allometric scaling parameters often increase with taxonomic breadth and sampling sparsity (Clutton-Brock 1991), and our study is both very broad and very incomplete. Nevertheless, we saw no change in allometry of egg size across all three modes of parental care, disagreeing with Parker and Begon's (1986) prediction that sibling competition (e.g., depreciable parental care) should result in lability of egg size.
Interestingly, most reports of increased egg size under parental care have come from taxa where at least the egg phase is aquatic (fish, Goodwin et al. 2002 , but see Rüber et al. 2004 and Kolm et al. 2006a frogs, Summers et al. 2006; salamanders, Nussbaum 1985 salamanders, Nussbaum , 1987 leeches, Kutschera and Wirtz 2001; marine invertebrates, Strathmann and Strathmann 1982) . Three of the hypotheses developed to explain these findings predict uniform increases in egg size with parental care in both aquatic and terrestrial taxa, and thus are inconsistent with our results. First, if care makes the egg stage safer than the juvenile stage, whether aquatic or terrestrial, selection may favor larger eggs that develop slowly (Shine 1978) . Second, larger eggs may select for care, if, for example, egg mortality is size specific (Nussbaum and Schultz 1989). Third, sibling conflict should result in larger eggs as a result of reducing the optimal clutch size to reduce competition (Godfray et al. 1991b ). The findings we present here suggest that these hypotheses may be inappropriate for terrestrial invertebrates.
Instead, the fact that we did not find a parental care/ egg size relationship in insects suggests that some feature unique to aquatic environments is responsible for the positive relationship seen in other studies between parental care and egg size. For example, in aquatic species, larger eggs may require oxygenation by parents owing to diffusion constraints (Nussbaum 1985 (Nussbaum , 1987 Kolm and Ahnesjö 2005 ; but see Einum et al. 2002; Hendry and Day 2003) . Although insect eggs are also oxygen limited (Woods and Hill 2004) and hence subject to size-dependent diffusion constraints, they are also highly desiccation resistant (Hinton 1981; Zeh et al. 1989) . Terrestrial parents therefore cannot alleviate oxygen limitation by, for example, fanning in the same way as aquatic parents, so larger eggs cannot select for parental oxygenation. Giant water bugs (Belostomatidae) are an interesting case of an aquatic insect that supports this hypothesis by providing an exception to this rule. Their eggs are enormous and consequently require oxygenation by males (Ichikawa 1988) . Large eggs are thought to have arisen through size 
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Parental Care and Lifetime Fecundity
Our findings supported the "interactive" model of egg numbers outlined in table 1. Egg size, body size, or possibly both, were negatively associated with lifetime fecundity in provisioners but not in guarders or noncarers. Under provisioning, larger females laid fewer eggs. Under no care or guarding, larger females laid slightly more eggs. Residual error in lifetime fecundity showed a high degree of phylogenetic structure, suggesting that unmeasured ecological and physiological variables shared among related species contributed greatly to unexplained variation. In salmon, Hendry et al. (2001) predicted that clutch size could decrease with female size only as long as there was also positive selection on egg size from larger females being better at caring. This explanation is not appropriate for our data, since parental care did not alter the relationship between species size and egg size. Essentially, provisioning insects resembled endothermic vertebrates where the interspecific regression of clutch size or lifetime fecundity on body size is flat or negative (Tuomi 1980; Blackburn 1991b; Purvis and Harvey 1995; Sikes and Ylonen 1998; Fisher et al. 2001) , in contrast to other measured taxa where this regression is positive (Hendriks and Mulder 2008, their fig. 4 ).
Provisioning behavior may be a key similarity between these disparate taxa. Authors have touched on resource availability (i.e., provisioning capacity) as an explanation for inverse scaling of clutch size among endotherms (e.g., Trillmich 1986; Sikes and Ylonen 1998), but hypotheses have not been tested with comparative methods owing to lack of data from noncaring groups. Here, we have been able to compare provisioning insects with related egg guarders and noncarers. We suggest a metabolic constraint on clutch size in provisioning species, due to the way foraging capacity (supply) scales with body size compared to brood energy requirements (demand). To envisage how this might come about, consider the parent plus clutch as a single unit, with the demand of the combined energy requirements of the parent plus offspring but supplied only by the parent's provisioning capacity. As species body size increases, metabolic demands of all offspring plus the parent increase, but only the parent increases in foraging capacity. In other words, metabolic demands of the entire family must scale with individual body size more steeply than the parent's foraging capacity does (diagrammatic representation in fig. 2 ). Under these circumstances, selection should favor reduction in size of the family unit (i.e., in clutch size) with increasing species size (Lundberg and Persson 1993) . This is analogous to the way metabolic rate imposes increasing constraints of production on larger individual body sizes ("metabolic allometry"; Brown and Sibly 2006) . Lifetime fecundity should therefore also decrease with body size unless lifetime brood number increases to compensate for reduced clutch size, which is unlikely- Gordon (1989) concluded for mammals that clutch size and lifetime fecundity should scale equally with body size. Further, although foraging ability by a parent can be a very complex function of body size (McArdle and Lawton 1979; Mittelbach 1981) , measures of foraging success typically scale with exponents considerably less than 1 (e.g., Enders 1975; Peters 1983; Borrell 2007) , exacerbating the depreciability of provisioning behavior with increasing body size.
In contrast, while nondepreciable egg guarding may be costly in terms of future egg production (Bristow 1984; Zink 2003 ; evidenced by a marginally lower intercept in table 4), it is difficult to see how larger mothers would benefit from producing fewer offspring-unless guarding were depreciable, for example, if guarding efficacy were related to the relative sizes of parent and brood (for possible examples, see Kight and Kruse 1992; Mappes and Kaitala 1994) .
Parental Care and Life-History Trade-Offs
Intraspecifically, egg size/egg number trade-offs are less apparent in species with parental care (Fox and Czesak 2000) . Among species, our findings demonstrate the opposite: this trade-off was apparent only in provisioning species ( fig. 1d) . Intraspecific trade-offs are not automatically expected also to be evident among species (CluttonBrock 1984 (CluttonBrock , 1991 . Both traits may be influenced by ecological constraints (e.g., variation in resources vs. allocation, Van Noordwijk and de Jong 1986; host size in parasitoids, Blackburn 1991a) or physiological constraints (e.g., reproductive tract dimensions, Beck and Beck 2005; pro-ovigeny, Jervis et al. 2001; ovary reduction, Halffter and Matthews 1966 ; resource reallocation such as flight loss, Ikeda et al. 2008) . To a certain extent, we have controlled for these with the phylogenetic analysis. This mismatch between intraspecific and interspecific patterns, however, suggests a gap in our understanding of the evolutionary forces shaping interactions between parental care and life history. We have suggested a mechanism by which the female's provisioning capacity represents a constraint on the brood's combined metabolic demand in the same way as, say, reproductive tract size may physically constrain their combined size (Beck and Beck 2005) . Further research is required to elucidate how scaling of provisioning capacity affects lifetime fecundity as opposed to clutch size. In principle, provisioning constraints apply intraspecifically and interspecifically but are likely most apparent over large size ranges outside extant variation within a species. Similar constraints may also apply to any ectothermic or endothermic taxon displaying any form of depreciable care, for example, mouth-brooding fish (Rüber et al. 2004; Kolm et al. 2006b ). It will now be interesting to compare our findings with reproductive allometry in groups where parental care constraints are alleviated. One example is male care (Tallamy and Wood 1986) , such as in belostomatids, where eggs are enormous, so male care may have eased constraints on egg size as well as egg number (Smith 1997) ; another is in groups where caring males may accumulate large broods of eggs from many females (e.g., assassin bugs, Manica and Johnstone 2004; Thomas and Manica 2005; Gilbert and Manica 2009; harvestmen, Mora 1990 and Machado et al. 2004) . Egg size/number relationships in cooperatively breeding taxa, where the costs of parental care are reduced by helpers, would be especially interesting (e.g., Iwata and Sakagami 1966; Shik 2008) .
